Propidium iodide (PI), a hydrophobic cationic dye containing two distinct charge centers, is an indicator stain capable of assessing the viability of bacteria. Specifically, PI is known to exhibit a fluorescence enhancement upon intercalation with DNA. Given that bacterial DNA is found exclusively within the cytosol, such an interaction is feasible only if PI is able to diffuse across the cytoplasmic membrane (CM). Subsequently, as dead bacteria exhibit a breakdown-induced permeability enhancement of the CM (i.e., allowing uptake of PI), fluorescence imaging following incubation with low concentrations of PI (ca. <4 µM) is a convenient means of deducing cell colony mortality rates following an applied stimulus (e.g., antimicrobial treatment). Our group has previously demonstrated real-time measurements of molecular uptake and membrane-specific transport in living cells using second-harmonic light scattering and optical transmission microscopy (1-3). In the current work, we extend this methodology in combination with time-resolved fluorescence imaging to quantify the concentration dependence on the uptake of PI into living E. coli. Results indicate that at low concentrations (ca. <100 µM) PI readily traverses the porin protein transport channels of the outer membrane, but is unable to cross the CM. However, as the concentration increases, PI is shown to penetrate into the cytosol. There appears to be a concentration threshold whereby PI crosses the CM. The transport kinetics and mechanism will be discussed. 
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